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� Synthesis of N’-Acetyl propane
sulfonic acid hydrazide (Apsh).
� Characterization of Apsh.
� 1H and 13C shielding tensors for

crystal structure with GIAO/DFT/
B3LYP/6-311++G(d,p) methods.
� The vibrational band assignments for

crystal structure with B3LYP/6-
311++G(d,p)/(SQMFF).
� Antimicrobial activities of Apsh.
g r a p h i c a l a b s t r a c t

N’-Acetyl propane sulfonic acid hydrazide has been synthesized for the first time and investigated its
antibacterial activity. Also 1H and 13C shielding tensors for crystal structure were calculated with
GIAO/DFT/B3LYP/6-311++G(d,p) methods in CDCl3.
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a b s t r a c t

A new N’-Acetyl propane sulfonic acid hydrazide, C3H7ASO2ANHANHACOCH3 (Apsh, an sulfon amide
compound) has been synthesized for the first time. The structure of Apsh was investigated using elemen-
tal analysis, spectral (IR, 1H/13C NMR) measurements. In addition, molecular structure of the Apsh was
determined by single crystal X-ray diffraction technique and found that the compound crystallizes in
monoclinic, space group P 21/c. 1H and 13C shielding tensors for crystal structure were calculated with
GIAO/DFT/B3LYP/6-311++G(d,p) methods in CDCl3. The structure of Apsh is optimized using Density
Functional Theory (DFT) method. The vibrational band assignments were performed at B3LYP/6-
311++G(d,p) theory level combined with scaled quantum mechanics force field (SQMFF) methodology.
The theoretical IR frequencies are found to be in good agreement with the experimental IR frequencies.
Nonlinear optical (NLO) behaviour of Apsh is also examined by the theoretically predicted values of
dipole moment (l), polarizability (a0) and first hyperpolarizability (btot). The antibacterial activities of
synthesized compound were studied against Gram positive bacteria: Staphylococcus aureus ATCC
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25923, Enterococcus faecalis ATCC 23212, Staphylococcus epidermidis ATCC 34384, Gram negative bacteria:
Eschericha coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, Klebsiella pneumoniae ATCC 70063 by
using microdilution method (as MICs) and disc diffusion method.

� 2015 Elsevier B.V. All rights reserved.
Introduction

The importance of sulfonamide was realized [1] when sulfony-
lamide, a key analogue of sulfonamide, was reported [2] to be the
first antibacterial drug. Sulfonamides were the first effective
chemotherapeutic agents employed systematically for the preven-
tion and the cure of bacterial infections in humans and other
animal systems [3,4]. Later on, many thousands of molecules
containing the sulfanilamide structure have been created since
its discovery, yielding improved formulations with greater
effectiveness and less toxicity. Sulfa drugs are still widely used
for conditions such as acne and urinary tract infections, and are
receiving renewed interest for the treatment of infections caused
by bacteria resistant to other antibiotics. Also, a number of other
activities, some of which have been recently observed, include
endothelin antagonism, anti-inflammatory activity, tubular trans-
port inhibition, insulin release, carbonic anhydrase and saluretic
action, among others [5].

In our previous studies, aliphatic/aromatic bis sulfonamides
were synthesized and tested for antimicrobial activity [6–9].
Also, we have reported conformational analysis and vibrational
spectroscopic investigation of the methanesulfonic acid hydrazide
[10] methanesulfonic acid 1-methylhydrazide [11] some methane/
ethane sulfonylhydrazone derivatives [12–15]. In this work,
N’-Acetyl propane sulfonic acid hydrazide (Apsh) was synthesized
and characterized by using elemental analyses, FT-IR, NMR, spec-
trometric methods. Apsh has also been characterized by single
crystal X-ray diffraction. 1H and 13C shielding tensors for crystal
structure were calculated with GIAO/DFT/B3LYP/6-311++G(d,p)
methods in CDCl3. The vibrational band assignments were
performed at B3LYP/6-311++G(d,p) theory level combined with
scaled quantum mechanics force field (SQMFF) methodology. The
antibacterial activities of synthesized compounds were studied
against Gram positive bacteria: Staphylococcus aureus ATCC
25923, Enterococcus faecalis ATCC 23212, Staphylococcus epider-
midis ATCC 34384, Gram negative bacteria: Eschericha coli ATCC
25922, Pseudomonas aeruginosa ATCC 27853, Klebsiella pneumoniae
ATCC 70063 by using microdilution method (as MICs) and disc
diffusion method.
Experimental

Physical measurements

The crystal structure of N’-Acetyl propane sulfonic acid hydra-
zide (Apsh) was determined by using a on a Bruker D8 Venture.
The solvents used were purified and distilled according to routine
procedures. Propane sulfonyl chloride and hydrazine hydrate were
commercial products (purum). 1H and 13C-NMR spectra of
dimethylsulfoxide-d6 (DMSO-d6) solutions of the compounds were
registered on a Bruker WM-400 spectrometer (400 MHz) using
tetra methyl silane as internal standard. The infrared spectra of
the compounds as KBr-disks were recorded in the range of 4000–
400 cm�1 with a Mattson 1000 FT spectrometer. Melting points
of compound was determined with a Gallenkamp melting point
apparatus. The microdilusion broth and disc diffusion method
were used to determine the antibacterial activity of compounds
against Gram positive bacteria: S. aureus ATCC 25923, E. faecalis
ATCC 23212, S. epidermidis ATCC 34384, Gram negative bacteria:
E coli ATCC 25922, P. aeruginosaATCC 27853, K. pneumoniae ATCC
70063.

Synthesis of N’-Acetyl propane sulfonic acid hydrazide

The nucleophilic substitution reaction of the hydrazine hydrate
with propane sulfonyl chloride was carried out as follows:

An ethanol solution of propane sulfonyl chlorides (C3H7SO2Cl)
was added dropwise to the ethanol solution of hydrazine hydrate
(0.12: 0.62 equiv), maintaining the temperature between
10–12 �C. Then, the reaction mixture was stirred for 1 h at room
temperature. After the completion of the reaction, the solvent
was removed under vacuum and the viscose residue was taken
to ether phase using a continuous extraction method. Then the
ether was removed with rotary evaporator. The resulting product
was boiled with ethyl acetate and then allowed to stand in the
freezer. Bright transparent crystals were obtained after a few
weeks. Calc. for C5H12N2O3S: C, 33.32; H, 6.71; N, 15.54; O,
26.63; S, 17.79% Found: C, 32.87; H, 6.48; N, 14.98; O, 25.93; S,
17.20%. Yield: 70%, M.p.114–116 �C.

Crystallography

Crystallographic data of the compound were recorded on a
Bruker D8 Venture X-ray diffractometer equipped with PHOTON
100 CMOS detector using graphite monochromatized MoKa radia-
tion (k = 0.71073 Å), and using only x-scan mode. The empirical
absorption corrections were applied by multi-scan via Bruker,
SADABS software [16]. The structures were solved by the direct
methods and refined by full-matrix least-squares techniques on
F2 using the solution program SHELXS-97 and refined using
SHELXL-2014/6. All non-hydrogen atoms were refined with aniso-
tropic displacement parameters. The molecular structure plots
were prepared using Mercury CSD 2.4 [17]. The crystal and instru-
mental parameters used in the unit-cell determination and data
collection are summarized in Table 1 for the compounds.

Theoretical calculations

Because of the effective bioactivities of N’-Acetyl propane sul-
fonic acid hydrazide the three dimensional conformation of the
molecule was also determined as it will be able to give important
previews about molecular behaviour in gas and solution forms. The
molecular geometry optimizations, HOMO, LUMO frontier molecu-
lar orbital energy, nonlinear optical (NLO) activity and vibration
frequency calculations were performed with the Gaussian 03 W
software package by using DFT approaches in addition to the
determination of crystal structure [18]. The split valence
6-311++G (d, p) basis set was used for the expansion of the
molecular orbital [19]. The geometries were fully optimized
without any constraint with the help of an analytical gradient
procedure implemented within the Gaussian 03 W program. All
the parameters were allowed to relax and all the calculations
converged to an optimized geometry which corresponds to a true
energy minimum as revealed by the lack of imaginary values in
the wave number calculations. The 1H and 13C NMR chemical shifts
of the compounds were calculated in CDCl3 using the GIAO



Table 1
Crystal data and structure refinement details for Apsh molecule.

1

Empirical formula C5H12N2O3S
Formula weight 180.23
T(K) 100
k(Å) 0.71073
Crystal system, space group Monoclinic, P 21/c

Unit cell dimensions: (Å, �)
a 6.2754(12)
b 15.240(3)
c 9.3007(18)
b 94.738(6)
V(Å3) 886.4(3)
Z 4
Absorbtion coefficient (mm�1) 0.331
Dcalc (Mg/m3) 1.358
F(000) 388.0
Crystal size (mm) 0.020x0.200x0.500
h Range for data collection (�) 2.57–27.54�
Index ranges �8 6 h 6 8

�19 6 k 6 19
�10 6 l 6 12

Reflections collected 20350
Independent reflections 2028
Data/parameters 2028/111
Max. and min. transmission 0.993, 0.852
Final R indices [I P 2r(I)] R1 = 0.0787, wR2 = 0.2186
R indices (all data) R1 = 0.0807,wR2 = 0.2193
Goodness-of-fit on F2 1.333
Largest difference in peak and hole (e Å�3) 1.166/�0.507
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method. The vibrational band assignments were performed at
B3LYP/6-311++G (d,p) theory level combined with scaled quantum
mechanics force field (SQMFF) methodology.

Procedure for antibacterial activity

S. aureus ATCC 25923, E. faecalis ATCC 23212, S. epidermidis
ATCC 34384, E coli ATCC 25922, P. aeruginosa ATCC 27853,
K. pneumoniae ATCC 70063by cultures were obtained from
Hacettepe University, Department of Medical Microbiology.
Bacterial strains were cultured overnight at 37 �C in Nutrient
Broth. During the survey, these stock cultures were stored in the
dark at 4 �C.

Disc diffusion method
The synthesized compound was dissolved in dimethylsulfoxide

(20% DMSO) to a final concentration of 3.0 mg mL�1 and sterilized
by filtration by 0.45 lm millipore filters. Antimicrobial tests were
then carried out by the disc diffusion method using 100 lL of sus-
pension containing 108 CFU mL�1 bacteria spread on a nutrient
agar (NA) medium. The discs (6 mm in diameter) were impreg-
nated with 25 lL of each compound (150 lg/disc) at the concen-
tration of 3.0 mg mL�1 and placed on the inoculated agar. DMSO
impregnated discs were used as negative control. Sulfioxazole
(300 lg/disk) were used as positive reference standards to deter-
mine the sensitivity of one strain/isolate in each microbial species
tested. The inoculated plates were incubated at 37 �C for 24 h for
bacterial strains isolates. Antimicrobial activity in the disc diffusion
assay was evaluated by measuring the zone of inhibition against
the test organisms. Each assay in this experiment was repeated
twice [20].

Micro dilution assays
The minimal inhibition concentration (MIC) values, except one,

were also studied for the microorganisms sensitive to at least one
of the five compounds determined in the disc diffusion assay. The
inocula of microorganisms were prepared from 12 h broth cultures
and suspensions were adjusted to 0.5 McFarland standard turbid-
ity. The test compounds dissolved in dimethylsulfoxide (DMSO)
were first diluted to the highest concentration (3000 lg mL�1)to
be tested, and then serial, two-fold dilutions were made in a con-
centration range from 46.875 to 3000 lg mL�1 in 10 mL sterile test
tubes containing nutrient broth. The MIC values of each compound
against bacterial strains were determined based on a micro-well
dilution method [21]. The 96-well plates were prepared by dis-
pensing 95 lL of nutrient broth and 5 lL of the inoculums into
each well. One hundred lL from each of the test compounds ini-
tially prepared at the concentration of 3000 lg mL�1 was added
into the first wells. Then, 100 lL from each of their serial dilutions
was transferred into eight consecutive wells. The last well contain-
ing 195 lL of nutrient broth without compound, and 5 lL of the
inoculums on each strip, was used as negative control. The final
volume in each well was 200 lL. The contents of the wells were
mixed and the micro plates were incubated at 37 �C for 24 h. All
compounds tested in this study were screened twice against each
microorganism. The MIC was defined as the lowest concentration
of the compounds to inhibit the growth of microorganisms.
Results and discussion

Crystal structure analysis

Molecular structure with the atom-numbering scheme of Apsh
was given in Fig. 1(a). Crystal data and structure refinement
parameters of Apsh were given in Table 1. Experimental geometric
parameters are given in Table 2. The compound crystallised in the
P 1 21/c 1space group. The length of the CAO bond is 1.230 Å. Unit
cell content indicating the crystal packing structure of the mole-
cule is given in Fig. 1(b). The SAO and SAN bond distances lie
within expected range of 1.431(4)–1.443(3) Å and 1.654(4) Å,
respectively. All bond lengths and angles for compound are consis-
tent with those found in related compounds [22–24] (Table 2).

The characterization of compounds

Vibrational spectral analysis
The infrared spectra were recorded in the 4000–400 cm�1

region using KBr pellets on a MATTSON-1000 model FT-IR spec-
trometer. The vibrational band assignments were performed at
B3LYP/6-311++G(d,p) theory level combined with scaled quantum
mechanics force field (SQMFF) methodology to compare the
experimental and calculated vibrational frequencies of the title
compound [25]. The visual check for the vibrational band assign-
ments were also performed by using Gauss-View program. The
vibrational wavenumbers were calculated and then scaled by using
the scaling factors for primitive coordinates proposed by our
previous study [26]. The each vibrational modes of the studied
compound were characterized by their potential energy distribu-
tions (PED) which were calculated by using SQM-FF program [27].

NAH vibrations. The NAH stretching vibration of secondary amine
groups of some aliphatic sulfonamides occurs in the region 3300–
3200 cm�1 [28]. In the present study, the strong bands at
3231 cm�1 (IR) assigned to the NAH stretching mode of Apsh
and this band were calculated at 3541 and 3533 cm�1.

The band corresponding to NAH in-plane bending vibration is
expected near 1400 cm�1 [7,10,12,29–31]. The band observed at
1418 cm�1 in the FT-IR of Apsh attributed to NAH in-plane bend-
ing mode. This band was calculated at 1482 and 1365 cm�1.

CAH vibrations. The CAH stretching vibrations of aliphatic com-
pounds are observed slightly below 3000 cm�1[7,10–12,31,32].



Fig. 1. The molecular structure of Apsh with the atom-numbering scheme;
displacement ellipsoids are drawn at the 50% probability level (a) and the crystal
packing (b) of Apsh.
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The bands in the range of 2996–2902 cm�1 are due to CAH stretching
modes of the methyl CH3 and methylene CH2 groups of Apsh. In
Table 2
Experimental and calculated structural parameters (bond length in Å, angles in �) of Apsh

Bond length Bond angle

Exp Calc Exp

S1AO3 1.431(4) 1.463 O3S1O2 119.2(2
S1AN2 1.654(4) 1.734 O2S1N2 103.0(2
O1AC2 1.230(6) 1.211 O2S1C3 108.7(2
N1AN2 1.417(5) 1.385 C2N1N2 121.4(4
N2AH15 0.72(6) 1.015 N1N2H15 110(5)

C1AH18 0.9800 1.091 N1N2S1 114.5(3
C3AC4 1.528(7) 1.530 C2C1H18 109.5
C4AC5 1.522(8) 1.531 C2C1H3 109.5
C5AH6 0.9800 1.091 O1C2C1 123.6(4
S1AO3 1.431(4) 1.464 C4C3S1 113.8(4
S1AN2 1.654(4) 1.734 C5C4C3 110.6(5
S1AO2 1.443(3) 1.463 O3S1N2 106.6(2
S1AC3 1.767(5) 1.817 O3S1C3 108.9(3
N1AC2 1.342(6) 1.390 N1S1C3 110.1(2
N1AH17 0.83(8) 1.014 C2N1H17 120(5)
C1AC2 1.508(7) 1.514 N2N1H17 116(5)
C1AH3 0.9800 1.091 S1N2H15 115(5)
C3AH9 0.9900 1.091 C2C1H16 109.5
fact, the assignment of the vibrations of methylene group is very dif-
ficult because of the presence of the methyl group.

The other fundamental CH3 and CH2 group vibrations which are
CH2 scissoring, antisymmetric or symmetric CH3 bending, CH2

twisting and CH3 rocking modes appear in the expected wavenum-
ber region of 1465–775 cm�1.

C@O and S@O vibrations. The C@O carbonyl group gives rise to a
strong absorption in the region 1820–1660 cm�1. In this study,
the C@O stretching vibration observed at 1672 cm�1 and calcu-
lated at 1735 cm�1.

The SO2 antisymmetric and symmetric stretching vibrations
appear in the range 1330 ± 30 cm�1 and 1160 ± 30 cm�1, both with
strong intensity [33,34]. The strong band at 1305 cm�1 in the FT-IR
spectrum assigned to SO2 antisymmetric mode and 1100 cm�1 are
attributed to SO2 symmetric mode. These experimental values
agree with calculated wavenumbers 1299 and 1084 cm�1,
respectively.

SAN and CAS vibrations. SAN stretching vibration appears in the
range 905 ± 70 cm�1[33]. This vibration occurs in medium band
in the IR spectrum [33,34]. This band observed at 855 and
671 cm�1 and calculated at 832 and 653 cm�1.

CAS stretching band of some methanesulfonamide derivatives
in solid phase have been defined in the region of 760–780 cm�1

[35]. The strong band at 764 cm�1 in the FT-IR spectrum assigned
as CAS stretching band and calculated at 682 cm�1. The above con-
clusions are in good agreement with the literature values. The
other experimental and calculated vibrational frequencies can be
seen in Table 3.

NMR spectra
The NMR spectra (1H, 13C) of Apsh was measured and inter-

preted in DMSO. The 13C NMR and 1H NMR spectrum of the Apsh
in dimethyl sulfoxide are given in Fig. 2. In order to facilitate the
interpretation of the NMR spectra, quantum-chemical calculations
were performed using B3LYP/6-311G++(d,p) basis set Apsh in
DMSO phase. Isotropic shielding tensors of 13C were changed into
chemical shifts by using a linear relationship suggested by Blanco
et al. [36]. A similar relationship proposed by Silva et al. [37] was
used to obtain chemical shifts for 1H. The experimental and calcu-
lated chemical shift values are shown in Table 4. In Table 4, the 1H
NMR spectrum of Apsh, H4 and H1 protons appeared at 0.85 ppm
and 1.82 ppm were calculated at 1.07 ppm and 1.79 ppm. The
molecule.

Bond angle

Calc Exp Calc

) 121.3 O1C2N1 121.8(4) 123.0
) 104.2 N1C2C1 114.6(4) 113.7
) 108.8 C4C3H9 108.8 108.9
) 119.6 H9C3H10 107.7 108.5

112.7 Torsion Angle

) 117.2 Exp Calc
108.3 C2AN1AN2AS1 96.3(5) 92.8
113.6 N2AN1AC2AC1 178.0(4) 173.8

) 123.1 O2AS1AC3AC4 44.9(4) 52.17
) 112.9
) 115.1
) 108.1
) 108.8
) 101.7

117.2
116.8
108.7
108.6



Fig. 2. (a) 1H NMR of the Apsh and (b) 13C NMR of the Apsh.
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CH2 protons of propyl moiety, H5 and H3 (two H intensities) are
observed at 1.95, 2.98 ppm, and corresponding calculation values
are 1.89 ppm, 3.44 ppm respectively. In addition, the singlet peaks
N(1)H and N(2)H protons appeared at 9.27 ppm and 9.97 ppm (cal-
culated 7.47 ppm and 5.67 ppm) respectively. The 13C NMR spec-
trum of Apsh, C4 and C1 carbon signals gave the following
results: 13.02 ppm and 17.04 ppm (calculated 12.52 ppm,
19.56 ppm) respectively. The 13C NMR spectra of Apsh were
assigned at d 20.27 ppm, 53.50 ppm (calculated 19.83 ppm,
68.58 ppm respectively) for C5 and C3 carbon atoms.

Frontier molecular orbital analysis

The highest occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO) are the very important for
quantum chemistry. The HOMO and LUMO are the main orbitals
in chemical stability. The HOMO represents the ability to donate
an electron, LUMO as an electron acceptor representing the ability
to obtain an electron. These orbitals play an important role in the
electric and optical properties. The HOMO and LUMO are the main
orbital taking part in chemical reaction. The HOMO energy is
directly related to the ionization potential, LUMO energy is directly
related to the electron affinity. The frontier molecular orbitals
(HOMO and LUMO) are mostly the p-antibonding type molecular
orbitals in the structure.

The energy difference between HOMO and LUMO orbital
(EHOMO-LUMO) which is called as energy band gap is a critical param-
eter in determining molecular electrical transport properties and
electronic systems because it is a measure of electron conductivity.
Also, the energy band gap helps to characterize the chemical reac-
tivity and kinetic stability of the molecule [38].

To provide a relation between HOMO-LUMO optical band gap
and nonlinear optical activity for the title compound were investi-
gated. The energy difference EHOMO-LUMO was found to be 7.06 eV
for Apsh molecule. The frontier molecular orbital distributions
and energy levels of the HOMO-1, HOMO, LUMO and
LUMO + 1orbitals, which computed at B3LYP/6–311++G(d,p) level
of the title molecule are shown in Fig. 3.



Table 3
The vibrational assignments of the Apsh molecule by normal mode analysis based on SQM force field calculations.

Mode Experimental B3LYP/6-311++G(d,p) Potential Energy Distributions (P.E.D.)

IR Unscaled freq Scaled freq Description (%)

63 3542 3541 t (N1AH17) (99)
62 3231 3534 3533 t (N2AH15) (99)
61 3130 2996 tas (C3AH2) (75) + tas (C1AH3) (24)
60 3130 2995 tas (C1AH3) (75) + tas (C3AH2) (24)
59 3115 2982 tas (C1AH3) (100)
58 3223 3109 2976 tas (C5AH3) (95)
57 2969 3095 2962 tas (C5AH3) (86) + tas (C4AH2) (11)
56 3075 2943 ts (C3AH2) (67) + tas (C4AH2) (27)
55 3064 2933 tas (C4AH2) (58) + ts (C3AH2) (38)
54 2878 3046 2916 ts (C1AH3) (100)
53 3032 2902 ts (C5AH3) (90) + ts (C4AH2) (10)
52 3032 2902 ts (C4AH2) (88) + ts (C5AH3) (10)
51 1672 1780 1735 t (C16AO1) (85) + t (C1AC2) (3)
50 1665 1536 1482 t (C2AN1) (15) + d(NNAH17) (33) + d(CNAH17) (27) + d(NNAH15) (7)
49 1550 1504 1465 sci (C4AH2) (48) + d(C5AH3) (32)
48 1456 1502 1457 c(C5AH3) (87)
47 1487 1454 d(C1AH3) (92)
46 1486 1438 d(C5AH3) (53) + sci (C4AH2) (28)
45 1429 1471 1429 sci (C4AH2) (86)
44 1399 1456 1423 c(C1AH3) (98)
43 1380 1426 1371 t(C5AC4)(5) + c(C5AH3) (67)
42 1376 1418 1365 tas(SO2) (15) + d(N2AH15) (56) + d(N1AH17) (12)
41 1355 1397 1345 c(C5AH3) (94)
40 1331 1381 1338 w(C4AH2) (44) + t(C3AH2) (23)
39 1344 1308 t(SAO3) (15) + w (C4AH2) (22) + t(C3AH2) (23)
38 1305 1295 1299 tas(SO2) (60) + d(NNAH15) (5) + d(SC3AH9) (4)
37 1248 1284 1248 c(C5AH3) (12) + w(C4AH2) (41) + t(C3AH2) (24)
36 1218 1260 1240 t(C2AN1) (28) + t(NN) (27) + t(C2AC1) (8) + d(NNAH17) (8) + d(CNAH17) (5) + d(CCAH3) (5)
35 1224 1190 c(C5AH3) (26) + t(C3AH2) (43) + d(CCAH6) (5)
34 1155 1158 1146 t(NN) (56) + t(C1AC2) (13) + c(CCAH3) (7) + d(CCAO1) (6)
33 1108 1113 t(C3AC4) (26) + t(C5AC4) (17) + c(C5AH3) (14) + d(CC4AH6) (9) + d(SCAH10) (7)
32 1100 1100 1084 ts(SAO3) (44) + ts(SAO2) (42)
31 1065 1082 1058 t(C5AC4) (14) + t(SAO3) (4) + c(C5AH3) (27) + d(CCAC5) (6) + d (CH2AS) (15) + d(C3AC4AH8) (8)
30 1043 1053 1034 c(C1AH3) (94)
29 1007 1048 1025 t(C5AC4) (22) + t(C3AC4) (18) + c(C5AH3) (22) + d(CC5AH6) (10) + d(SCAH10) (6) + d(CCAH8) (5)
28 980 1005 978 t(C1AC2) (29) + t(CAO1) (7) + c(C1AH3) (33) + d(NNC) (6) + d(CCN) (6) + d(NCAO1) (5)
27 940 941 920 t(NC) (39) + c(C1AH3) (22) + d(NNC) (10) + d(CNAH17) (7) + d(NCAO1) (6)
26 890 897 881 t(C3AC4) (25) + t(C5AC4) (15) + c(C5AH3) (30)
25 852 843 t(C5AC4) (23) + t(C3AC4) (14) + q (C3AH2) (30)

Mode Experimental B3LYP/6311G(d,p) Potential Energy Distributions (P.E.D.)

IR Unscaled Scaled Description (%)

24 855 839 832 t(SN) (32) + t(CS) (6) + t(NC) (5) + c(N12AH15) (40)
23 789 775 t(CS) (5) + c(C5AH3) (25) + q (C4AH2) (31) + q (C3AH2) (9) + d(CCS) (4)
22 764 689 682 t(CS) (29)+ t(C1AC2) (10) + d(NCAO1) (5) + d(O2ASN) (5) + s(O2ASNH15) (6)+s(OCNAH17) (5)
21 671 660 653 t(C1AC2) (20) + t(CS) (17) + t(SN) (14) + d(NCO) (10) + d(NNAC2) (7)
20 597 616 611 t(CS) (6) + c(C1AH3) (13) + s(NC16ACH3) (15) + s(O1CACH3) (18) + s(O1CNN) (16) + s(O1CNH) (12)
19 555 566 553 d(OSN) (8) + d(SCC) (5) + d(SNH) (5) + d(CCO) (5) + s(SO2) (38)
18 546 541 d(NNAH15) (11) + s(SNNAH17) (17) + s(HNNH) (25) + s(CCNAH17) (17) + s(O1CNAH17) (14)
17 511 508 499 t(SN) (16) + t(SC) (7) + d(SO2AC3) (9) + d(SO2) (9)+d(CCO) (8) + s(OSNAH17) (24) + s(OSNN) (13)
16 482 467 454 t(SC) (4)+d(CCO) (24) + d(OSN) (10) + d(CCN) (11) + d(SNN) (5) + t(SN) (16) + s(OSNAH17) (8)
15 427 419 t(SN) (8) + d(SO2) (16) + d(OSN) (9) + s(OSNAH17) (28) + s(CNNHA17) (8) + s(OSNN) (7)
14 404 395 t(SC) (13) + t(SN) (5) + d(CCAC5) (22) + d(NSC) (11) + s(OSNAH17) (14) + s(OSNN) (5)
13 355 348 t(SN) (8) + d(OSC) (26) + d(CCO) (8) + s(CSNAH15) (17) + s(CSNN) (11) + s(OSCAH9) (10)
12 339 327 d(NCC) (29) + d(CCC) (10) + d(NCO) (9) + d(NSO) (7) + d(NNC) (6) + d(CCO) (6)
11 294 288 t(SN) (9) + d(CSO) (11) + d(NNS) (8) + d(NNC) (7) + d(NSO) (6) + s(NNSO) (9) + s(OSNAH17) (4)
10 260 254 d(NASO2) (21) + d(NSAO3) (9) + s(CCNN) (10) + s(CCNAH17) (5) + s(OCNN) (4)

9 259 251 d(CSO) (18) + s(CC4ACH3) (30) + s(H6AC4ACH3) (17)
8 212 205 d(CCS) (18) + d(CSN) (13) + d(CCC) (11) + d(NNC) (10) + s(H8AC4ACH3) (8) + s(C3C4ACH3) (16)
7 160 155 d(NSC) (26) + d(CCS) (17) + d(NNC) (7) + d(CSO) (6) + s(C3C4ACH3) (13)
6 116 114 d(NNC) (5) + s(CCCS)(16) + s(SCC5AH8) (12) + s(C4C3ASO2) (9) + s(CCC3AH9) (8) + s(SCC4AH6) (7)
5 91 90 d(NNS) (20) + s(O1C2ACH3) (23) + s(CCNN) (21) + s(OCNN) (16) + s(SNNH17) (7) + s(CNNH15) (6)
4 69 67 d(NSC) (14) + s(SNNC) (23) + s(SNNH17) (12) + s(NNSC) (11) + s(CNNH15) (10) + s(SCCC) (9)
3 51 50 s(NC2ACH3) (57) + s(O1C2ACH3) (10) + s(NNCC) (9) + s(NNSC) (5)
2 36 35 s(NC2ACH3) (19) + s(CNNS) (14) + s(CNNH15) (14) + s(NNASO2) (12) + s(NSCC) (7)
1 35 34 s(NNASO2) (20) + s(NSCC) (18) + s(NNSC)(12) + s(NSCAH10)(8) + s(NSCAH9) (9) + s(CSNH15) (8)

m: bond stretching, d: in-plane angle bending, c: out-of-plane angle bending, sci: scissoring, tw: twisting, w: wagging, q: rocking, s: torsion, as: antisymmetric and s:
symmetric.
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Table 4
Experimental and calculated 13C NMR and 1H NMR chemical shifts (ppm) for Apsh.

Assignment 1H NMR Assignment 13C NMR

Experimental Calculated Experimental Calculated

C(1)H3 1.82 1.79 C1 17.04 19.56
C(3)H2 2.98 3.44 C2 169.28 171.52
C(5)H3 1.95 1.89 C3 53.50 68.58
C(4)H2 0.85 1.07 C4 13.02 12.52
N(1)H 9.27 7.47 C5 20.27 19.83
N(2)H 9.97 5.67

Fig. 3. Molecular orbital surfaces and energy levels for the HOMO-1, HOMO, LUMO and LUMO + 1 of Apsh.
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Nonlinear optical (NLO) activity

Molecular materials with nonlinear optical (NLO) properties are
currently attracting considerable attention because of their poten-
tial applications in optoelectronic devices of telecommunications,
information storage, optical switching, and signal processing
[39,40] and THz wave generation [41]. The dipole moment (l),
the static polarizability (a0) and first static hyperpolarizability (btot

are related directly to the non linear optical activity of structures)
(Table 5).

The calculated values of the polarizabilities and the hyperpolar-
izabilities from Gaussian 03 output have been converted from
atomic units into electrostatic units (a: 1a.u = 0.1482 ⁄ 10�24 esu;
b: 1a.u = 8.6393 ⁄ 10�33 esu) [42].

The total static dipole moment l, is defined as

l ¼ l2
x þ l2

y þ l2
z

� �1=2
:

Fig. 4. Comparison of antibacterial a
The calculations of static polarizability (aave) and first static
hyperpolarizability (btot) from the Gaussian output have been sta-
ted in detail previously [43] as follows

hai ¼ 1=3ðaxx þ ayy þ azzÞ

btot ¼ bxxx þ bxyy þ bxzz

� �2 þ byyy þ byzz þ byxx

� �2
h

þ bzzz þ bzxx þ bzyy

� �2
i1=2

The calculated first static hyperpolarizability (btot), mean
polarizability (hai) and the ground state dipole moment (l) of
the title compound are computed to be 1025.91 � 10�33 esu,
15.88 � 10�24 esu and 2.27 Debye, respectively. There are inverse
relationship between first static hyperpolarizability and optical
band gap(EHOMO-LUMO). While the optical band gap is too
large (7.06 eV), the first static hyperpolarizability is too low
(btot = 1025.91 � 10�33 esu). According to these results, the Apsh
ctivite of Apsh and antibiotics.



Table 5
The electric dipole moment l (D), the mean polarizability hai(�10�24 esu) and the
first hyperpolarizability btot (�10�33 esu) of the Apsh by DFT B3LYP/6-311++G(d,p)
method.

Parameter Value Parameter Value

lx �2.03 bxxx �72.78
ly 0.70 bxxy 386.76
lz 0.74 bxyy 700.18
l 2.27 byyy 210.68
axx 18.81 bxxz 264.54
axy �0.25 bxyz 105.07
ayy 15.31 byyz 121.57
axz �0.80 bxzz �88.17
ayz �0.14 byzz �66.62
azz 13.51 bzzz �215.32
hai 15.88 btot 1025.91

a: 1a.u = 0.1482 ⁄ 10�24 esu.
b: 1a.u = 8.6393 ⁄ 10�33 esu.

Fig. 5. Percentage of inhibition of Apsh against sulfisoxazol.
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molecule presents low nonlinear optical activity. However, addi-
tion of the molecules to the ends of drawing and withdrawing
group nonlinear optical activity can be increased.

Antibacterial activity results

The test compound was screened in vitro for their antibacterial
activity against three Gram-positive species (S. epidermidis,
S. aureus, E. faecalis) and three Gram-negative species (E. coli,
Table 6
Measured inhibition zone diameter (mm) of the compound (150 lg/mL) and antibiotics b

Compound Gram-negative

E. coli ATCC 25922 P. aeruginosa ATCC
27853

K. pneumoniae ATCC
70063

Apsh 9 – 8
Sulfisoxazole 20 9 27

Sulfisoxazole(300 lg/disk)<10: weak; >10 moderate; >16: significant.

Table 7
The MICs of antibacterial activity of the Apsh.

Compounds MIC lg/mL

Gram-negative

E. coli ATCC 25922 P. aeruginosa ATCC
27853

K.pneumoniae ATCC
70063

Apsh 375 >1500 375
Sulfisoxazole 23.4 375 23.4
P. aeruginosa, K. pneumoniae) of bacterial strains by the disc diffu-
sion and micro dilution methods. The antibacterial results were
given in Table 6 by disc diffusion and Table 7 micro dilution
methods. The results was compared with those of the standard
drug sulfioxazole (Figs. 4 and 5).

The size of the inhibition zone depends upon the culture med-
ium, incubation conditions, rate of diffusion and the concentration
of the antibacterial agent (the activity increases as the concentra-
tion increases). In the present study, the Apsh is active against
two Gram-negative bacteria; E. coli, K. pneumoniae and two
Gram-positive bacteria; S. aureus, E. faecalis which may indicate
broad-spectrum properties. Apsh show the highest activities
against Gram-positive bacteria E. faecalis in the diameter zone of
12 mm whereas Gram-negative bacteria P. aeruginosa and Gram-
positive bacteria S. epidermidis have been found inactive
(Table 6). Percentage of inhibition for the compound exhibited in
Fig. 5. As seen in Fig. 5, Apsh has moderate activity against
E. faecalis whereas rest of the bacterias show weak activity.

According to the MIC’s results shown in Table 7, the compound
possess a broad spectrum of activity against the tested bacteria at
the concentrations of 375– (>1500) lg/mL. MIC’s results also
showed that the Apsh is active agains two Gram-negative bacteria;
E. coli, K. pneumoniae and two Gram-positive bacteria; S. aureus,
E. faecalis.

LUMO energy is one of the most important descriptors
which describe electrophilicity of the compound and its level has
the importance because of the donor–acceptor interactions.
y disc diffusion method.

Gram-positive

S. aureus ATCC
25923

E. faecalis ATCC
23212

S. epidermidis ATCC
34384

11 12 –
24 17 15

Gram-positive

S. aureus ATCC 25923 E. faecalis ATCC 23212 S. epidermidis ATCC
34384

375 375 >1500
23.4 93.75 93.75
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Generally, molecules with a low LUMO energy values accept the
electrons more easily than higher’s. The low LUMO energy and lar-
ger EHOMO–LUMO band gap affect the binding affinities to the biologic
molecules, therefore LUMO energy and EHOMO–LUMO band gap are
important factors for N’-Acetyl propane sulfonic acid hydrazide
activities. The biological activity of the N’-Acetyl propane sulfonic
acid hydrazide increases with the lower LUMO energy, lower
nonlinear optical activity (btot = 1025.91 � 10�33 esu) and bigger
EHOMO–LUMO gap. Similar results were also reported by us [44–47].

Conclusions

In this study, we have reported the synthesis of Apsh. The struc-
tural characterization of the synthesized compound was made by
using the elemental analyses and spectroscopic methods. The
structure of N’-Acetyl propane sulfonic acid hydrazide (Apsh)
was also supported by X-ray crystal diffraction studies. A complete
vibrational analysis was also performed within the SQM-FF
method the great match between experimental and calculated
vibrational wavenumbers. While the optical band gap is too large,
nonlinear optical activity of Apsh is too low. However, nonlinear
optical activity of Apsh can be increased by adding donor and
acceptor fragments to the ends of the molecule. Apsh showed the
highest activities against Gram-positive bacteria E. faecalis.

Appendix A. Supplementary material

CCDC 1003393 contain the supplementary crystallographic data
for compound. This data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.
uk/data_request/cif. [Fax: int code +44(1223) 336-033; e-mail:
deposit@ccdc.cam.ac.uk].
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